H a v 1 n g had the honour of laying before th e Royal Society a Paper on the " D evelopem ent o# M agnetical Properties in Steel and Iron by p e rc u ssio n /'* I beg perm ission to add to th at Com m unication an account of other experim ents ; in which m uch higher degrees o f m agnetic energy w ere ob tained by percussion, in th e em ploym ent of new combinations of rods of iron not previously m agnetic.
H a v 1 n g had the honour of laying before th e Royal Society a Paper on the " D evelopem ent o# M agnetical Properties in Steel and Iron by p e rc u ssio n /'* I beg perm ission to add to th at Com m unication an account of other experim ents ; in which m uch higher degrees o f m agnetic energy w ere ob tained by percussion, in th e em ploym ent of new combinations of rods of iron not previously m agnetic.
It was show n in the form er paper, th a t the extraordinary developem ent of m agnetism , by this process, arose from the use of a large b ar of iron, or soft steel, first rendered m ag netic by ham m ering, in the position of the dipping needle, or in the direction of the m agnetic force ; for, on applying a similar quantity of percussion to the same b ar w hilst held on a mass of brass or stone, or even on a bar of iron laid in the plane of the m agnetic equator, the polarity elicited did not exceed the tw enty-ninth part of th at obtained by the use of the vertical rod of iron.
In the subsequent experim ents I had tw o principal objects * Philosophical Transactions for 1822, p. 241.
in view . F irs t, to t r y , b y a n e w co m b in atio n o f a u x ilia ry ro d s o f iro n , to a tta in still h ig h e r d e g re e s o f m a g n e tic e n e r g y : a n d , S econdly, to e n d e a v o u r to a sc e rta in o n w h a t circ u m stan ces, as to th e m a g n itu d e o f th e ro d s o f iro n , an d th e q u a lity , size, a n d te m p e r o f th e ste el w ire s, th e h ig h e s t suc cess o f th e e x p e rim e n t d e p en d s.
In th e e x p e rim e n ts fo rm e rly d e tailed , a sin g le ro d o f iro n w as u se d , an d th e ste el b a rs o r w ires w e re h a m m e re d up o n it, w h ilst b o th w e re h e ld in a v e rtic a l position ; in w h ich case th e m a g n e tism o f th e iro n , a fte r h a m m e rin g , w as em p lo y ed in aid o f th e p o w e r o f p erc u ssio n fo r th e d ev elo p em e n t o f th e m a g n e tism o f th e ste el b a rs. B u t th e m a g n e tism o f th e iro n ro d s w a s co m m u n ica te d o n ly to th e lo w e r, o r north en d o f th e ste e l b a rs , th e p o la rity o f th e u p p e r, o r smith e n d , b e in g m e re ly co n seq u e n tia l. H en ce it a p p ea re d p ro b a b le , th a t, w e re th e ste el b a rs o r w ire s p lac ed b e tw e e n tw o ro d s o f iro n , an d th u s su b je c te d , e ith e r d ire c tly , o r in d ire c tly , th r o u g h th e m ed iu m o f th e u p p e r ro d , to percu ssio n , th e y w o u ld d e riv e th e a d v a n ta g e o f th e m a g n e tism o f b o th ro d s o f iro n a c tin g c o n siste n tly , an d a t th e sa m e tim e , upo n th e ir n o rth e rn a n d s o u th e rn p o les, so as, I a p p re h e n d e d , b y th e u se o f eq u al ro d s o f iro n , to double th e q u a n tity o f a ttrac tio n fo rm e rly d ev elo p ed in th e steel.
A s, h o w e v e r, tw o lo n g ro d s o f iro n w e re n o t so easily m a n a g e d as a lo n g one fo r b e lo w an d a s h o rte r fo r above, I p re p a re d m y ro d s on th is p lan , th o u g h w ith th e ex p ectatio n o f sacrificing a p ro p o rtio n o f p o w er.
T h e ro d s I o rd e re d fo r th e e x p e rim e n t w e re o f th e re spective le n g th s o f th re e fee t an d one foot, and an inch in d iam eter. T h e w e ig h t o f th e fo rm e r w as 8lbs. an d o f th e la tte r 2ylbs. T h e end o f th e la rg e r ro d ( I i* ) , d esig n ed to b e k e p t u p w a rd , w as m ad e conical, w ith th e view o f con c e n tra tin g its m ag n e tic force ; b u t th is w as tru n c a te d a t th e d ia m e te r o f a q u a rte r o f an in ch , and a sh allo w hole d rilled in th e c en tre fo r ste a d y in g th e steel w ires w h e n h a m m e re d , th e lo w e r ends o f w h ich w ires w e re ro u n d e d into a b lu n t point, so as to fit th e d epression in th e to p o f th e iron ro d . T h e lo w e r en d o f th e s h o rte r ro d ( I i i ) , w as c o n stru c te d in a sim ilar m an n e r.
A s I could n o t h a m m e r th is conical e x tre m ity o f th e la rg e iro n ro d w ith o u t d e stro y in g its form and face, I m ad e u se o f a n o th e r iro n ro d ( I iii) , c o rre sp o n d in g in size an d w e ig h t w ith th e ro d ( I i i )*.b u t h a v in g its lo w e r e x tre m ity h o llo w ed like a cu p , to fit upon th e conical term in a tio n o f th e la r g e r ro d ( I i . ) T h e la r g e r ro d w as g e n e ra lly h a m m e re d b efo re each e x p e rim e n t th ro u g h th e m ed iu m o f th is sh o rte r ro d , ( I iii) , w h ich n o t o n ly se rv ed to p re se rv e th e o th e r ro d fro m in ju ry , b u t a t th e sam e tim e te n d e d to a u g m e n t its m ag n etism .
In e x p e rim e n ts w ith th is a p p a ra tu s, th e n , a fte r eliciting som e m a g n e tic e n e rg y in th e ro d I i , b y h a m m e rin g it in th e w a y ju s t d escrib ed , th e steel w ire in te n d ed fo r re c eiv in g th e m ag n etism w as placed b e tw ee n th e tw o ro d s, w ith th e conical developement o f m agnetical properties in steel and , &c. 199 * T o prevent circumlocution, I have distinguished the rods and wires used in the following experiments by the initial letters descriptive o f the substance o f which they were composed, connected with a number to distinguish the different bars and wires o f the same quality. Thus I, signifies an iron rod or bar j and S, a steel bar or w ire; S u,steel untempered, or in the state in which the wire was drawn ; and S t, steel tempered, or softened by heating to redness, and slowly cooled.
te rm in a tio n s £1 i a n d I if ] , th e w h o le th r e e s u b sta n c e s fo rm in g a c o n tin u o u s s tr a ig h t lin e , in a v e rtic a l p o sitio n , as in th e a n n e x e d fig u re . T h e u p p e r e n d o f th e u p p e r ro d (I ii), b e in g n o w b e a te n w ith a sm a ll h a m m e r ,* a c q u ire d m a gn e tic a l p ro p e rtie s , w h ic h w e re c o m m u n ic a te d to th e ste e l w ire , w h ils t th e lo w e r ro d re c e iv in g so m e in flu e n c e fro m th e p e rc u ss io n , p e r fo rm e d a s im ila r office. T h is k in d o f e x p e ri m e n t I h a v e , in th e su b s e q u e n t d e ta ils, d e n o m in a te d th e compound p ro cess; w h ils t th e h a m m e r in g o f a w ire u p o n th e p rin c ip a l ro d ( I i ) , o n ly , w ith o u t th e u se o f th e se c o n d ro d , is c a lle d th e sim ple process. T o g iv e th e e x p e rim e n ts th e b e s t c h a n c e , I m a d e u se e n tir e ly o f ste e l w ire , s u c h as is e m p lo y e d b y w a tc h -m a k e r s , w h ic h I fo u n d , fro m se v e ra l c o m p a ris o n s a n d e x p e rim e n ts , t h a t I d id n o t th in k it n e c e s s a ry to d e ta il h e re , h a d a m u c h h ig h e r c a p a c ity fo r m a g n e tis m th u s d e v e lo p e d , th a n a n y o th e r ste e l t h a t I tr ie d : a n d fo r o b ta in in g th e b e s t effect, in th e tr ia l o f th e liftin g p o w e r p ro d u c e d in th e ste e l w ire s b y p e rc u ss io n , I p ro c u re d a se rie s o f n a ils o f d iffe re n t w e ig h ts , m a d e o f g o o d iro n , w ith fla t h e a d s , so a s s to s ta n d w ith th e ir p o in ts u p w a rd , in w h ic h p o sitio n th e y a re th e m o s t re a d ily lifte d ; a n d a fte r b lu n tin g th e ir p o in ts , I g a v e th e m so m e d e g r e e o f p o lish fo r im p ro v in g th e c o n ta c t.
* T h e hammer employed in all the subsequent experiments weighed eleven ounces, inclusive o f the shaft. Some trials were made with a larger ham m er; but its tendency to bend the wires was so great, as more than to counterbalance the advantage it gave o f a more speedy developement o f magnetic energy. T his larger hammer, however, (weighing twenty-five ounces), was generally used for beating the iron rods before the different experiments, when it was o f decided advantage.
T hese nails w ere of the follow ing w eights in grains :-4, 5 f , 7 i, 18, 37, 73, 88, 112, 186, 246, 326, 389, and 482. In trials of the lifting pow er of th e steel w ires, in the sub sequent experim ents, the w eight of th e larg e st nail th at could be lifted is set dow n.* In some instances a sm all w eight was added to th e nail, w hen th e difference betw een this and the n e x t in th e series was considerable ; in this case, the lifting pow er is stated at th e w eight of the nail, plus the num ber of grains of the appended w eight. T his w ire was ham m ered, for a length of tim e, on the simple process, and only lifted 36 grains.
T h e h a m m e rin g b e in g c o n tin u e d fo r so m e tim e lo n g e r, b y th e compound p r o c e s s , th e liftin g p o w e r w a s se n sib ly a u g m e n te d ; b u t it y e t re fu s e d 73 g ra in s . Wire S ti , the same as in the last experiment.
T h e com pound process w as, on this occasion, continued for a len g th o f tim e, th e b a rs I i and I iii being rep eated ly h am m ered to g e th e r, b u t no additional lifting pow er could be obtained.
No. V. 5 blo w s w e re stru c k on th is w ire , h e ld in th e sam e posi tio n as in th e la st e x p e rim e n t on I i, th e b a r I i h a v in g b een p rev io u sly stru c k 20 h a rd blow s w ith th e la rg e h a m m e r, th ro u g h th e m edium o f I iii, b y w hich tre a t m e n t a liftin g p o w e r w as g iv en to th e w ire o f 112 g rain s. T h e m ag n e tism o f th e w ire b ein g d estro y ed a g ain , th e sam e e x p e rim e n t w as re p e a te d , and so m ew h at h a rd e r blow s stru c k , b y w hich, w ith 5 blow s, a lifting p o w er o f 186 g ra in s w as obtained. In place o f the rod I i, a large bar o f (Iiv) was substituted.
Its length was % fe e t, and its diameter 1^ inches. The rest o f the apparatus ( rods I ii and I iii) was the same as before.
No. XIV.
CJuly 14, &C.3
Wire S t i being 5 inches in length, \ th in diameter, and 164 grains in w e i g h t ,* which, w ith the form er apparatus, was made to lift 345 grains. £See Experiments II. III. and IV.
a. Simple process.
T hough the magnetism of this wire was nearly destroyed before this experiment, a few sm art blows on I iv, gave it a ready lifting power of 326 grains.
T h e e x p e rim e n t b e in g re p e a te d th e n e x t d a y , (J u ly 1 5 B ut on re p e a tin g th e process sev eral tim es on th e follow ing d ay , th e p o w er ro se to 482 -J-120 = 602.
T h is process w as ag ain trie d som e d ay s a fte rw a rd s, an d applied w ith considerable la b o u r, th e h a m m e rin g b ein g con tin u ed fo r h a lf an h o u r to g e th e r, som etim es b y one process an d som etim es b y th e o th e r. A t th e com m en cem en t o f th e operations it w as found to h a v e re ta in e d o f its fo rm e r e n e rg y a liftin g p o w er o f 389 g rain s. T h is w as co n sid erab ly a u g m en ted , b u t it n e v e r re a c h e d quite so h ig h as before. S om e d ays a fte r th e p reced in g tria l, w h en th e g re a t b a r, I iv. h a d becom e stro n g ly m ag n e tic ( a fte r th e conclusion o f e x p erim e n t N o. X I V ) , th is lo n g w ire w as again subjected to e x p erim e n t, w h e n its liftin g p o w e r w as increased to 482 + 180 = 662 g rain s.
A piece o f th is w ire, fo u r nches in le n g th , w as now cu t off, and th e la rg e r p a rt w as th ric e h am m ere d b y th e sim ple process, w hen its liftin g po w er w as 482 + 90 = 572, being a loss o f 90 g rain s. A n o th er object o f en q u iry in th ese investigations w as th e effect o r relation o f t e m p e r, in connection w ith th e d e g re e o f m ag n etic e n e rg y developed. T h e re s u lt w ith th e first a p p aratu s, w as conform able to th e law o f m agnetics in g e n eral ; n am ely , th a t th e softer th e te m p e r th e m ore suscep tible th e steel becom es o f th e m agnetic condition. By a com parison o f ex p erim en ts N o. I. w ith II., V. w ith V I., and IX . w ith X II. and X III., th e ad v an tag e o f softening th e w ire is v ery obvious. In th e first instance, a steel w ire in th e state in w hich it w as d ra w n could only be m ade to lift betw een 36 and 73 grains ; b u t th e sam e w ire, on b ein g softened, readily lifted 186 grain s, after nine blow s on th e sim ple pro cess, and after 80 blow s b y b o th processes, its lifting pow er w as au g m en ted to 3 2 6g rain s, being n e arly tw ice its ow n w eig h t, and a t least five tim es th e pow er it acquired in its u ntem pered state. B ut th is difference o f susceptibility for receiving th e m agnetic e n erg y , is ren d ered still m ore obvious by a com parison o f th e second set o f experim ents (N o . V. and V I .) A lo n g w ire, u n tem p ered , being stru c k 20 o r 30 s m a rt b lo w s b y th e sim p le process., o n ly a cq u ired a liftin g p o w e r o f b e tw e e n 7f a n d 18 g ra in s ; w h ils t th e sam e w ire, a fte r b e in g so fte n ed and* su b je c te d to a sim ila r tre a tm e n t, lifted 3 2 6 g ra in s
A n d in th e th ir d se t o f e x p erim e n ts, ( I X , X II, a n d X I I I ,) th e r e s u lt w a s a n a lo g o u s. T h e u n te m p e re d w ire , b y 5 b lo w s o n th e sim p le p ro ce ss, lifte d o n ly 37 g ra in s , a n d b y th e sam e n u m b e r o f b lo w s o n th e c o m p o u n d p ro cess, 7 3 ; w h ilst a sim ila r w ire te m p e re d lifte d , a fte r e x a c tly th e sam e tre a tm e n t, 186 g ra in s b y th e sim p le p ro cess, a n d 265 b y th e c o m p o u n d p ro cess.
T h e sa m e r e s u lt w a s in d e e d a lw a y s o b tain ed in v a rio u s o th e r e x p e rim e n ts , n o t in c lu d e d in th e p re c e d in g d e ta ils, y e t th e re is o n e in th e th ir d se ries [N o . X V .]] w h ic h is a p p a re n tly a t v a ria n c e w ith th is conclusion. T h e differ fence o f effect, h o w e v e r, ( t h e u n te m p e re d w ire in th is in sta n c e h a v in g r e ceived an e q u al p o w e r to t h a t o f th e so fte n ed w ire o f a sim ila r k in d ) , Was e v id e n tly o w in g to th e e m p lo y m e n t o f a v e ry p o w e rfu l a p p a ra tu s , th e la r g e b a r o f w h ic h h a d b eco m e h ig h ly m a g n e tic fro m lo n g c o n tin u e d u se in th e s e e x p e rim e n ts. H e n c e a g r e a te r a c tio n u p o n b a rs o f h a rd e r te m p e r w as to b e e x p e c te d , c o n fo rm a b le to w h a t o c cu rs w ith th e u se o f a p o w e rfu l a p p a ra tu s in th e o rd in a ry m o d es o f g iv in g m a g n e tism to steel.
T h e facility w ith w h ic h m a g n e tis m m a y b e d e v elo p ed in so ften ed w ire s b y th is p ro ce ss is v e ry strik in g . T h e first fiv e b lo w s, in e x p e rim e n t N o . II, b y th e sim ple p ro cess, p ro d u c ed a liftin g p o w e r o f 73 g ra in s , n e a rly o n e -h a lf th e w e ig h t o f th e w ire th e firs t tw o b lo w s, in e x p e rim e n t N o . V II, also b y th e sim p le p ro ce ss, p ro d u c e d , in a lo n g w ire w h o se m a g n e tism h a d b e en to ta lly d e stro y e d b y h e a tin g to re d n e ss, a liftin g p o w e r o f 186 g r a i n s ; a n d th e firs t 5 b lo w s, in e x -perim ent No. X III, on a new w ire by the com pound process, occasioned in this w ire, of only 145 grains w eight, a lifting pow er of 265 grains.
3. T h e increased m agnetic energy developed by the use of larg er bars of iron (a fact indeed w hich it w as reasonable to ex p ect) is quite satisfactory in all the com parative experi m ents. T h e long w ire S ti i, by the small apparatus was m ade to lift betw een 326 and 389 grains, being th e highest effect produced on it [^Experim ent No. V II.] ; but on applying it to th e large apparatus, its lifting pow er w as at length aug m ented to 662 grains. [^Experim ent X V I.] A nd by the sm all apparatus, the highest pow er th a t could be given to the w ire S t i, was a capability of lifting a w eig h t of 345 grains [[Ex perim ents II, III, IV ,] ; b u t on using th e larg e apparatus, the same w ire [^Experim ent X IV .] was eventually m ade to lift 669 grains, being above fou r tim es its own w eight. T his was the highest effect produced. T h e advantage, how ever, of the larg e apparatus, was th e m ost strik in g in the case of untem pered wires. An untem pered w ire, S i, had its lifting pow er, by the first apparatus, w ith difficulty raised to nearly 70 grains, [^Experiment I.] w hilst a sim ilar, but som ew hat shorter w ire, S ui ii, w as, by th e use of the larg e apparatus, readily m ade to lift 246 grains ; and by continuing the pro cess on several different days, its pow er was at length increased to 60 2 grains. [[Experim ent X V .] 4. It w ould appear from experim ents IV. and X V , th at in th e use of any one apparatus th ere is a lim it to the power which it is capable of developing ; w hereas, from the g re a t augm entation of effect obtained by the use of a la rg e r appa ratus, it becomes probable, th a t w ere iron rods sufficiently la rg e e m p lo y ed , th e re w o u ld b e n o lim it to th e a ttra c tiv e force d eveloped in th e steel w ire s, u n til th e y w e re m a g n e tise d to satu ratio n . T h e q u a n tity o f effect p ro d u ce d b y an iro n b a r seem s to b e in som e c e rta in p ro p o rtio n to th e a m o u n t o f its o w n m a g n e tic e n e rg y , as in d icated b y its action on a com pass n e ed le, b u t n o t in th e p ro p o rtio n o f its liftin g p o w er.
5. I t is a w e ll know n, fact in m a g n e tic s, th a t th e cap acity o f steel fo r m a g n e tism is in cre ased b y tim e -b y re p e a te d re n e w a ls o f th e m a g n e tisin g p ro cess a t in te rv a ls-an d b y k e e p in g th e m a g n e t u n d e r c o n stra in t, e ith e r b y th e co n tact o f o th e r m a g n e tic su b sta n c e s, o r b y th e u se o f co n d u cto rs be tw e e n th e o pposite poles. H e n ce I e x p e c te d , th a t a w ire m a g n e tise d b y percu ssio n to a m a x im u m fo r th e tim e , m ig h t h a v e its p o w e r su b se q u e n tly in cre ased , d a y a fte r d a y , in con sequence o f its c a p a city b e in g in cre ased b y a rep e titio n o f th e process. T o a c e rta in e x te n t th is w as th e c a s e ; b u t w h en th e iro n b a rs h a d a cq u ired th e ir m a x im u m e n e rg y , an d th e w ires w e re th e n h a m m e re d u n til th e re w as a decided su s pension o f in cre ase o f e n e rg y , n o fu tu re rep e titio n o f th e p ro cess, h o w e v e r la b o rio u sly c o n d u cted , g a v e m e an y ad ditio n al p o w er. [[E x p e rim e n ts N o . IV . an d X V .] O n th e firs t v iew o f th e su b je c t, I w a s a t a loss to account fo r th e su sp en sio n o f th e a u g m e n ta tio n , w h e n I h a d calcu lated on a n in cre ased c ap acity fo r m a g n e tic e n e rg y , w ith th e con tin u a tio n o f th e p ro cess, a g re e a b le to th e k n o w n law s o f m a g n etics ; b u t I e v e n tu a lly p erceiv ed th a t th e a n a lo g y , w ith th e o rd in a ry co m m u n icatio n o f m a g n e tism , w as n o t com plete. It w as e v id e n t th a t th e susp en sio n o f a u g m e n ta tio n did n o t arise fro m th e w a n t o f c ap acity in th e steel fo r m ag n e tism , th e w ires n o t b e in g n e a r a sta te o f sa tu ra tio n ; b u t it arose from th e developement o f magnetical properties in steel and , &c. 215 incapability o f th e iron rods a ttain in g , o r re ta in in g , m o re m a g n etic e n e rg y . T h e m a x im u m , in th e ir conditions, it w o u ld a p p e a r, d eterm in es th e m a x im u m in th e condition o f th e steel. B ut I a p p re h e n d , h a d I used v e ry la rg e ro d s, capable o f com m u n ic atin g m a g n e tism to th e w ire s above th e p oint o f th e ir sa tu ra tio n , th e n th e u su a l a n a lo g y w o u ld h av e b een com p lete, and I sh o u ld , p ro g re ssiv e ly , h a v e a tta in e d h ig h e r and h ig h e r d e g re es o f p o larity . A s th e p h e n o m e n o n o f th e p ro g re ssiv e elevation o f th e point o f sa tu ratio n in m a g n e ts b ecam e a m a tte r o f som e th o u g h t a n d co n sid eratio n w ith m e , I m a y b e e x cu se d , p e r h ap s, fo r in clu d in g h e re th e su b stan ce o f m y reflectio n s on th is su b ject, a n d especially as som e c h a n g e , sim ilar to w h a t ta k e s place in m a g n e ts h a v in g th e ir sa tu ra te d p o in t raised b y re n e w a ls o f th e m a g n e tisin g o p e ra tio n , & c., also ta k e s place in th e disposition o f ste el b a rs o r w ire s fo r p o la rity , b y p e r cussion. F o r, as a m a g n e t h a v in g its poles re v e rse d , w ill n o t, a t first, b y th e sam e a p p a ra tu s an d p rocess as th a t fro m w hich it o rig in a lly d e riv ed its p o w e r, acq u ire th e sam e in te n s ity as b e f o r e ; so, in w ires m ag n e tise d b y percussion, w ith th e sam e en d a lw a y s h e ld d o w n w a rd , th e inversion o f th e poles w ill n o t be accom panied b y eq u al p o w e r as before. R esp ectin g th is p h e n o m e n o n , I m a y s u g g e s t th e follo w in g ex p lan atio n .
T h e n a tu ra l condition o f iro n is w ith o u t p o larity . It ac q u ires p o larity b y c ertain m odes o f tre a tm e n t, o r j u x t a p o sition w ith m a g n e tic substances ; u n til w hich it evinces no a ttra c tiv e p ro p e rty . In th is state its m a g n e tic p ro p erties a re n e u tra l, an d th e re is no ten d e n cy in th e iro n to develope p o larity . B ut if it be re n d e re d m a g n e tic , no m a tte r b y w h a t s i 6 M r. Scoresby's experiments and observations on the cau se, as it is n o w in a sta te o f c o n s tra in t o r v io len ce, th e re is a te n d e n c y to r e tu r n to th e sta te o f n e u tra lity . In soft iro n , th e r e tu r n to its fo rm e r co n d itio n , is a lm o st in sta n ta n e o u s on th e re m o v a l o f th e d is tu rb in g cau se ; b u t in ste e l, th e re sto ra tio n to its fo rm e r sta te is re s iste d b y a fo rce p ro p o rtio n a te to th e h a rd n e s s o f its te m p e r. S oft ste e l re a d ily acq u ires po la rity , b u t it is e v a n e s c e n t; a n d h a rd ste e l rec eiv e s p o la rity w ith difficu lty , b u t it is v e ry p e rm a n e n t. T h o u g h in all m a g n e tise d su b sta n c e s th e r e is a fo rc e a lw a y s a c tin g to w a rd s th e re s to ra tio n o f th e co n d itio n o f n e u tr a lity , y e t, w h e n th e m a g n e tism h a s b e e n h ig h ly d e v e lo p e d , it p ro d u c e s a p e rm a n e n t c h a n g e in th e p o in t w h e re th e fo rc e ceases to act. T h is p o in t w e m a y c a ll th e s ta te o f q u i e s c e n c e, b e in g th e sta te o f n e tic su b sta n c e , w h e n th e d ifferen t m a g n e tis m s , th o u g h n o t p e rfe c tly n e u tra lise d , a re y e t, as it w e re , b a la n c e d . In th e n a tu ra l co n d itio n o f a s u b s ta n c e , c a p a b le o f so m e p e rm a n e n c y o f m a g n e tis m , th e n e u tr a l a n d q u ie sc e n t sta te s a re co in cid en t, b u t a fte r e v e ry m a g n e tis in g o p e ra tio n , if th e d en o m in atio n o f th e poles b e a lw a y s p re s e rv e d th e sa m e , th e y a re f a rth e r a n d f a rth e r re m o v e d ; h e n c e a rise s a n in c re a s in g c a p a c ity fo r m a g n e tic e n e rg y . If, fo r th e sa k e o f illu s tra tio n , a piece o f ste e l s o m e w h a t so ft b e m a g n e tis e d : on th e re m o v a l o f th e cau se (p ro v id e d n o artific ial m e a n s b e u se d to k e e p it u p ) , th e p o la rity w ill g ra d u a lly d im in ish u n til it com es to th e q u iesce n t co n d itio n , o r th e sta te w h e re th e re sista n c e n a tu ra l to th e m e ta l h a s n o r e tu r n in g fo rce to oppose. S uppose, in th is s ta te , it y e t h a s p o la rity cap a b le o f liftin g th e w e ig h t o f a n o u n ce o f iro n , a n d t h a t in its h ig h e s t o r sa tu ra te d sta te o f m a g n e tism it lifted 2 0 o unces. O n b e in g a g ain m a g n e tise d b y th e sa m e m ea n s a n d p ro cess, it w ill n o w h a v e in creased developement o f magnetical properties steel and , &c. 217 its capacity to n e a r 21 ounces. By th u s continuing th e pro cess, and u sing m eans to re ta in th e m ag n etism developed, th e quiescent point m a y perhaps b e raised as h ig h as th e o rig in al state o f saturation ; th a t is, to a liftin g pow er o f 20 ounces, w h en its sa tu rated lifting p o w e r w ill a p p ro ach to 40 ounces. B ut to effect th is, it w ill be n ecessary to continue th e poles alw ay s th e sam e ; fo r on e v ery inversion o f th e poles, th e point o f quiescence w ill re tu rn so m ew h at to w a rd s th e point o f n e u tra lity , and th e m ag n etic e n e rg y w ill be proportionably dim inished. O n th e first c h an g e o f th e poles, th e m ag n e tic e n e rg y , in a sta te o f satu ratio n , w ill be dim i nished b y about th e difference o f th e points o f quiescence and n e u tra lity , o r n e a rly as m uch as in ex p erim e n ts w ith th e sam e poles alw ay s p reserv ed , th e m ag n e tic e n e rg y is au gm ented. T h u s , w h en in th e above ex am p le, th e point o f quiescence h as a lifting p o w er o f 5 ounces, capable, w h en m ag n etised to satu ratio n , o f b ein g raised to 25 ounces, on inversion o f th e poles it w ill only have a capacity for 15 ounces. T h e se , m ost p ro b ab ly , are n o t th e ex ac t p o w ers, fo r it is likely th a t th e au g m en tatio n o f force, w hich tak es place on re p e ate d ly m a g n etisin g a t certain in terv als b ey o n d th e point o f quiescence, m a y dim inish in a g eo m etrical ratio , as th e point o f quiescence recedes from th e point o f n e u tra lity ; otherw ise th e re w ould be no lim it w h a te v e r to th e p o w er o f a m ag n et. T h e law , h o w ev er, n o t h a v in g been d eterm ined, I have used in th e above ex am ples an arithm etical ratio, m erely for th e sake o f illustration.
T h is doctrine is th e sam e w h en applied to th e develope m en t o f m ag n etism b y percussion, as b y any o th e r process, and easily explains w h y , on th e first tria l, especially w ith a m dcccxxiv.
F F w e a k a p p a ra tu s , o r w ith b a rs n o t p e rfe c tly so ften ed , su c h g r e a t effects sh o u ld n o t b e p ro d u c e d as b y n u m e ro u s re p e titio n s o f th e sa m e p ro ce ss a t d ifferen t tim e s. T h e p ro o f as to th e cau se b e in g th e re m o v a l o f th e p o in t o f quiescence fro m th a t o f n e u tra lity , is, I th in k , q u ite c o n clu siv e. F o r in a n e x p e rim e n t, ( o n e a m o n g m a n y to th e sa m e e ffe c t) , m a d e w ith th e w ire S ti , I fo u n d t h a t w h e n 5 b lo w s w ith a h a o n th e c o m p o u n d p ro c e ss, w ith th e n o r th en d o f th e w ire d o w n w a rd (c o m m e n c in g w h e n th e a ttra c tiv e fo rce w a s al m o s t to ta lly d e s tro y e d ) , g a v e it a liftin g p o w e r o f g r a i n s ; th e sa m e n u m b e r o f b lo w s, w ith th e so u th e n d d o w n , (a ls o c o m m e n c in g w h e n th e a ttra c tiv e fo rce w a s v e ry n e a rly n e u tra lis e d ) , g a v e it o n ly a liftin g p o w e r o f g ra in s . In s h o rt, I h a v e ra ise d th e p o in t o f q u iescen ce so h ig h ab o v e th e p o in t o f n e u tra lity , th a t a lo n g a n d se v e re h a m m e rin g , so u th en d o f th e w ire d o w n w a rd , o n ly d e s tro y e d th e o rig in a l a ttra c tiv e fo rc e , b u t did n o t p ro d u c e in v e rsio n o f p o le s.
6 . T h e fo u n d atio n o f th is p ro ce ss fo r th e d e v e lo p e m e n t o f m a g n e tis m in ste e l, is th e e m p lo y m e n t o f su c h m a g n e tism o f la r g e ro d s o f iro n as can b e d e riv e d fro m ju x ta -p o s itio n o f th e g r e a t m a g n e t, th e e a rth . A n d th e h ig h effects p ro d u c e d se em to d e p e n d o n th e d isp o sitio n w h ic h p e rc u ssio n g iv e s to th e fe rru g in o u s p a rtic le s fo r a ssu m in g th a t co n d itio n to w h ic h w e g iv e th e n a m e o f m agnetic. T h e iro n ro d e m p lo y e d , as so o n a s p lac ed in a v e rtic a l positio n , o r in th e d ire c tio n o f th e d ip p in g n e e d le , a cq u ire s p o la rity fro m th e e a r t h ; b u t th e n a tu ra l re sista n c e o f its p a rtic le s to th e sta te o f c o n stra in t w h ic h it m u s t b e in w h e n m a g n e tic , p re v e n ts its re c e iv in g th e fu ll p o w e r t h a t th e e a r th is disp o sed to co m m u n ica te . P e rcu ssio n , b y p ro d u c in g a v ib ra tio n a m o n g th e p a rtic le s q f developement o f magnetical properties in steel and , &c. 219 th e m etal, seem s to overcom e th is resistan ce ; an d , a t th e sam e tim e , disposes th e iro n fo r th e re te n tio n o f th e m a g n etism acquired. N o w , on p lacin g a w ire o r b a r o f soft steel u p o n th is ro d o f iro n , its m a g n e tic v irtu e occasions som e d e v elo p em en t o f th e sam e p o w er in th e steel, w h ich is in creased b y th e te n d e n c y th a t p ercu ssio n h a s to aid its d ev elo p em en t in th e steel, th e sam e as it p rev io u sly elicited in th e iron. B y co n tin u in g th is tre a tm e n t, th e p o larity o f th e steel is p ro g re ssiv e ly a u g m e n te d u n til it h a s acquired a m a x im u m , d e p en d in g , n o t so m u ch on its o w n cap acity fo r m a g n e tism , as on th e capability o f th e iro n to develope it. B ut th is condition, it has b e e n sh o w n , is only a m a x im u m so lo n g as th e sam e iro n b a r o r b a rs a re u sed , an d so lo n g as th e ir m a g n etic e n e rg y obtains no a u g m e n ta tio n ; fo r if b y an y m eans th e ir p o larity be in creased , th e a ttra c tiv e force o f th e steel w ires w ill rise in p ro p ortion. F ro m th e w h o le p h e n o m e n a view ed in connection, it seem s, th a t th e sim ple g e n e ra l fact is th is :-th a t percussion applied to m a g n e tisa b le substances in co n tact w ith one a n o th e r, disposes th e m to an equality o f condition.
I f th is view o f th e su b ject be c o rre c t, w e h a v e a satisfacto ry ex p lan atio n o f som e o f th e phaenom ena, w h ich w e re o th e r w ise obscure. W e see w h y la rg e b a rs, o r w ires o f steel, ( th o u g h th e y acquire a g re a te r q u a n tity o f m ag n etic e n e rg y , as show n b y th e ir h ig h e r action on a com pass n eedle, th a n sm all ones ) do n o t attain an y h ig h e r liftin g pow ers th a n m u ch sm a ller w ires. [^Compare E x p e rim e n ts III. w ith V II., and X IV . w ith X V I.3 A n d , above all, w e hav e an e x p lan atio n o f th e a p p a re n tly c o n tra d ic to ry propositions -th a t p ercu s sio n dim inishes, and h as a ten d e n cy to d e stro y th e e n e rg y o f m a g n e ts ; a n d t h a t p e rc u ss io n h a s a te n d e n c y to d e v e lo p e p o la rity in iro n a n d s te e l n o t p re v io u s ly m a g n e tic . B o th th e s e p ro p o sitio n s a r e u n d o u b te d ly t r u e ; b u t 'th e y a re u n d e r d iffe re n t c o n d itio n s. P e rc u s s io n , w h ils t it d im in ish e s th e e n e r g y o f a m a g n e t w h e n h e ld a lo n e , o r e v e n u p o n a n iro n b a r , w o u ld p ro b a b ly a u g m e n t its e n e r g y if it w e re p la c e d w ith c o n s is te n t p o le s in c o n ta c t w ith a m o re p o w e rfu l m a g n e t, w h ic h is th e c o n d itio n o f w ire s m a g n e tis e d b y p e r c u s s io n ; b e c a u s e , i f t h e y b e h a m m e r e d u p o n a su b s ta n c e n o t m a g n e tic , little o r n o e n e r g y is d e v e lo p e d . [[See E x p e r im e n t N o . X .[] T h e s e d iffe re n t effects w o u ld a p p e a r to b e th e n e c e s s a ry r e s u lt o f a te n d e n c y to e q u a lity o f c o n d itio n -a te n d e n c y w h ic h is p re c is e ly s im ila r in re s p e c t to b o d ies o f u n e q u a l te m p e r a tu r e s w h e n p la c e d in c o n ta c t, o r e v e n in ju x ta -p o s itio n . F o r a s a h o t b o d y p la c e d n e a r , o r a m o n g , c o ld su b s ta n c e s o f g r e a t e r m a s s a n d c a p a c ity th a n itse lf, h a s its te m p e r a tu re b r o u g h t d o w n n e a r ly to th e s ta te o f th e c o ld e r s u b s ta n c e s , w h ils t a c o ld b o d y h a s its te m p e r a tu r e ra is e d b y c o n ta c t w ith h o t s u b s ta n c e s ; in lik e m a n n e r , a s tr o n g m a g n e t h a m m e r e d u p o n a n iro n r o d , h a s its e n e r g y b r o u g h t d o w n to w a rd s t h e c o n d itio n o f th e iro n ; a n d a b a r n o t m a g n e tic , o r s lig h tly so , h a m m e r e d u p o n th e sa m e ro d , h a s p o la r ity d e v e lo p e d in it, a n d ra is e d p ro g r e s s iv e ly u p to th e c o n d itio n o f th e iro n .
A s I a p p re h e n d i t w o u ld b e in v a in to a tte m p t to p ro d u c e s u c h s tr o n g m a g n e tic effe cts, a s w e d e riv e fro m p e rc u ss io n , b y t h e sim p le u s e o f th e s a m e b a r s a n d a p p a ra tu s in a n y o f t h e k n o w n m o d e s o f t o u c h i n g, it b e c o m e s p ro b a b le t h p ro c e ss m ig h t b e a p p lie d , in c o n n e c tio n w ith o th e r m o d e s o f m a g n e tis in g , fo r g iv in g in c re a s e d p o w e r to m a g n e ts . T h e developement of magnetical properties in steel and , &c. 221 extraordinary power of Knight's magnets are well known ; though the secret of their manufacture died with him, and no effect at all comparable, has, I believe, been since produced.
Is it not probable that he may have employed a process of this description ?*
